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nates	collapse	and	also	helps	 to	suppress	splitting	 instabilities	 is	
based	on	the	use	of	a	defocusing	cubic	nonlinearity	whose	strength	
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where	the	transverse	coordinates	 ,x y 	are	normalized	to	the	input	
beam	width,	while	the	propagation	distance	 z 	is	normalized	to	the	
diffraction	 length.	 We	 assume	 an	 axially	 symmetric	 defocusing	
( 0)s> 	nonlinearity	with	the	strength	growing	toward	the	periphery	








nonlinearity.	We	look	for	solutions	of	the	form	 exp( )q w ibz= ,	with	
a	complex	stationary	wave	amplitude	 ( , )w x y and	real	propagation	
constant	b .	The	Thomas‐Fermi	approximation	(TFA),	which	neglects	






w ,	represented	by	stationary	solutions	 ( , )exp( )q w x y ibz¢ ¢= 	in	the	
rotating	 coordinate	 frame,	 cos( ) sin( )x x z y zw w¢= + ,	
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with	the	Coriolis	term	 w ( 0w> 	corresponds	to	counterclockwise	
rotation).	Equation	(2)	was	solved	with	the	help	of	the	Newton	algo‐




and	 w 	 that	 is	 symmetric	at	 0w= 	 and	becomes	asymmetric	at	
0w> .	Examples	of	such	nonrotating	and	rotating	clusters	are	dis‐
played	in	Fig.	1.	They	are	characterized	by	the	energy	flow	(norm),	





















a	single	pivot	at	 1.04w= ,	 58.4U = ;	(b)	and	(c):	vortex	dipoles	with	
10b=- 	and	 0w= or	 0.5w= ,	respectively;	(d)	and	(e):	vortex	quad‐
rupoles	with	 10b=- 	and	 0w= 	or	 0.4w= ,	respectively;	(f)	a	vortex	
sextupole	with	 20b=- ,	 0.6w= 	(note	that	the	symmetry	of	the	latter	
structure	is	reduced	from	hexagonal	to	triangular).	All	the	patterns	are	


















of	 | |b ,	while	for	b-¥ 	the	separation	between	the	pivots	and	
overall	asymmetry	of	the	dipole	decrease.	Thus,	for	fixed	w ,	Fig.	2(c)	
shows	that	there	exists	a	certain	minimum	value	 min| |b of	| |b ,	which	





with	a	single	vortex,	located	at	 1x+ = ,	versus	energy	flow.	(b)	and	(c):	The	variation	of	positions	of	pivots	in	the	vortex	dipole	with	the	increase	
of	w 	at	 10b=- 	and	with	the	decrease	of	b 	at	 0.4w= ,	respectively.	
(d)	 ( )U b 	dependence,	illustrating	the	bifurcation	of	a	vortex	dipole	(line	
with	circles)	from	the	axially	symmetric	vortex	soliton	(straight	line)	with	
charge	 1m=- 	at	 0.4w= .	In	(b)‐(d)	stable	and	unstable	branches	are	
black	and	red,	respectively.	
The	energy	flow	of	the	vortex	dipole	only	slightly	and	monoto‐
nously	decreases	with	the	increase	of	w .	The	 ( )U b 	dependence	is	
more	informative	[Fig.	2(d)],	since	it	shows	that	the	vortex	dipole	
bifurcates,	at	 minb b= ,	from	an	axially‐symmetric	vortex	soliton	with	charge	 1m=- .	Note	that	just	this	vortex	falls	onto	the	center	
with	the	decrease	of	 b ,	as	shown	in	Fig.	2(c),	while	the	vortex	with	
1m=+ 	moves	to	the	periphery,	at	 0w> 	(for	 0w< the	picture	is	
opposite).	We	stress	 that	 in	 the	rotating	 frame	 the	dependences	
( )U b 	 for	 axially	 symmetric	 solitons	with	 opposite	 charges	 split.	
Indeed,	Eq.	(2)	rewritten	in	polar	coordinates	( , )r q 	in	the	rotating	
frame,	reads	
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The	substitution	 ( )exp( )q w r im ibzq= + 	for	the	vortex	soliton	
yields	the	term	( )m b ww- 	on	the	left‐hand	side	of	Eq.	(3),	making	








Fig.	3.	(Color	online)	Variation	of	pivot	positions	 ,x y+ + 	in	a	vortex	quad‐rupole	(a),	and	its	energy	flow	(b)	versus	 w 	at	 12b=- .	Two	other	










and	 1(e).	 Being	 symmetric	 at	 0w= ,	 the	 quadrupoles	 become	
asymmetric	(rhombic)	at	 0w¹ .	For	 0w> ,	two	pivots	located	on	
the	x ‐axis	gradually	approach	each	other,	while	ones	sitting	on	the	
y ‐axis	gradually	escape	to	periphery,	as	shown	in	Fig.	3(a).	Although	
this	 picture	 suggests	 that	 the	quadrupoles	might	 transform	 into	
axially‐symmetric	charge‐2	vortices	with	the	increase	of	 w ,	this	is	
not	the	case.	Instead,	it	is	observed	that	a	line	tangential	to	the	non‐



















Dynamical	state	with	one	dislocation,	 1.04w= ,	 58.4U= ;	(b)	Vortex	














ciently	large	 b ,	for	values	of	 w 	close	to	the	upper	border	of	the	
existence	domain	[see	also	the	unstable	red	and	stable	black	seg‐
ments	in	Figs.	3(a)],	and	it	becomes	broader	with	the	increase	of	 b .	
The	opening	of	such	stability	domain	above	a	critical	value	of	w 	is	an	
indication	of	the	stabilizing	action	of	the	rotation	on	the	vortex	clus‐
ters.	Above	a	certain	value	of	 b ,	the	vortex	quadrupoles	become	
stable	for	any	rotation	frequency	within	their	existence	domain.	We	
did	not	obtain	truly	stable	sextupole	solutions	–	we	did	not	explore	
the	whole	parameter	space	–	but	the	decay	distance	for	them	was	
also	found	to	notably	increase	with	the	increase	of	the	rotation	fre‐
quency.	
Examples	of	the	stable	rotation	of	a	single	vortex,	and,	on	the	oth‐
er	hand,	of	vortex	dipoles	and	quadrupoles,	corresponding	to	the	
numerically	exact	solutions	in	the	rotating	frame,	are	shown	in	Fig.	4.	
The	fact	that	the	single	orbiting	vortex	does	not	correspond	to	an	
exact	stationary	solution	causes	small‐amplitude	oscillations	devel‐
oping	at	a	periphery	of	the	mode	upon	its	propagation,	which	do	not	
vanish	even	after	hundreds	of	rotation	periods.	Such	oscillations	do	
not	appear	for	dipoles	and	quadrupoles.	Finally,	we	note	that	it	is	
interesting	to	analyze	in	detail	the	cluster	dynamics	in	terms	of	cou‐
pled	equations	of	motion	for	individual	vortices	[26],	which	is	a	sub‐
ject	of	a	separate	work.	
Summarizing,	we	have	shown	that	the	medium	with	inhomoge‐
neous	defocusing	nonlinearity	can	support	stable	rotating	vortex	
clusters.	The	rotation	makes	such	structures	strongly	asymmetric,	
while	at	the	same	time	stabilizes	some	families,	such	as	vortex	quad‐
rupoles.	
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